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1. Research on Vehicle Routing and Related Models

The objective of the project is to perform analytical analyses of heuristics for the
Vehicle Routing Problem (VRP) and apply the results in models that integrate vehicle
routing with other issues important to the firm. Below, we highlight our major accom-

plishments during that period.

A. Determined the ezact structure of the asymptotic optimal solution value of the VRP
with capacity and time window constraints and used it to develop a new and efficient
algorithm. In Bramel and Simchi-Levi (1996) we have characterized the asymptotic optimal
cost of the VRP with Capacity and Time Window constraints. This characterization
enabled us to understand the algorithmic structure required to solve large size VRPs and
consequently to develop efficient algorithms for the VRP with capacity and time window
constraints. Computational experiments show that these algorithms outperform many

published heuristics on standard test problems, see Bramel and Simchi-Levi (1996).

B. Obtained a characterization of the effectiveness of set partitioning formulations for
VRPs. A classical and recently popular technique that has proven effective for solving
vehicle routing problems is based on formulating them as a Set Partitioning Problem. An
empirically observed property is that the optimal solution values of the Set Partitioning
Problem and its linear programming relaxation are very close. In Bramel and Simchi-
Levi (1997), we explain this behavior by proving that for any distribution of the service
times, time windows, customer loads and locations, the relative gap between fractional and

integer solutions of the Set Partitioning Problem becomes arbitrarily small as the number

of customers increases.
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C. Characterized the worst-case behavior of the linear programming relazation of the set
partitioning formulation for the bin-packing problem. Many researchers have reported that
the optimal solution values of the linear programming relaxation of the set partitioning
formulation of a variety of combinatorial problems is quite close to the optimal integer
solution of that problem, even for small size pfoblems. This observation motivated us to
characterize, in Chan, Simchi-Levi and Bramel (1998), the maximum deviation between
the linear programming relaxation of the set-partitioning formulation of the bin-packing
problem and the optimal solution to the problem. A by-product of our analysis is an
improved worst-case bound for the classical first-fit decreasing and best-fit decreasing

heuristics.

D. Performed a probabilistic analysis of a multi-echelon distribution system and used the
insight obtained to develop an efficient algorithm for 1t. In Chan and Simchi-Levi (1994)
we analyzed the problem of integrating inventory control and vehicle routing into a cost-
effective strategy for a distribution system consisting of a single outside vendor, a fixed
number of warehouses and many geographically dispersed retailers. The results and in-
sights obtained have also been used to develop new tools that assist the design and opera-
tions of such systems. These results generalize earlier results obtained in Chan, Federgruen
and Simchi-Levi ('1998) for a single echelon model.

Many of these results are summarized in a survey paper, see Bertsimas and Simchi-Levi
(1996), that is going to af)pear in Operations Research. We are also pleased to note that
Lap Mui Ann Chan, a Ph.D student supported by the project and working on these prob-
lems under the supervision of the PI, was awarded an honorable mention in the 1994
ORSA Nicholson Student Paper Competition and the 1995 INFORMS Nichol-
son Student Paper Competition. She joins Julien Bramel, a former Ph.D. student of

the PI who was also supported by the project, in receiving these prestigious awards.
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